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•LOCALISED PRODUCTION OF MIC BQBU BBXJSS AND CONTROL 
OF CAVITATtONAL AND HEATING: EFFECTS BYPgB OF 



'ield of the Invention 




present invention relates to the field of ultra.gow.nd technology, 
Spedfiosly the invention relates; to .ft. system and methods for creating 
ultrasound w^es and focusing them at a location and for controlling the 
wsw&ra of the ultrasound to cause localiaed production of hubbks at fee 
location and for control of the resultant eaviiatlonal effects or heafe^g fifeots 
or a eomhinatlon of fee two effects, that take place in tfe.e fecal region. 

Background of the I^^ntj cm 

The use of ultrasound for medical diagnostics and therapy is well known. 
Diagnostic techniques ate based on the production and -transmission of 
ultrasound waves into -fee body, and detection of fee scattered echoes from 
the scanned region. Therapeutic mefeods axe generally based on fee use of 
focused beams of ultrasonic energy to produce high powered mechanical 
energy for diaint-egration of medical targets by beat or ablation caused by 
.pressure waves. In body fluids such as blood or in fee intercellular fluids in 
living tissue, the application of ultraserhe energy often leads to fee creation 
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of taibbles which grow In volume by a pmcegs JsiKwsi as rectified diffusion 
and eventually implode refcasing large amfflw of energy and generating 
sites of locally Mgli tompomii^saadxitress^fdy Very short periods of tite. 

Conventional, ultrasound signals ^© generated by transducers powered to 
have a sinusoidal waveform such as that shown in Fig. X The horizontal 
axis represents time measured In usee and the vesical axis the voltage 
applied to the transducer. When the applied electrical signal is in the 
Ireq-ueney range of fee transducer's; frequency- bandwidth and the signal is 
at least a few cycles long, the pressure wave generated by the transducer Is 
of similar shape. The waves that are emitted from the tyansdoeer trawl 
through the media as longitudinal waves (the transverse waves usually 
attenuate very; rapidly an?! thus are ignored herein) having alternating 
compression and do-eonipression 'is^^m-^xmprndin^-io-. ^^ippdtfri^ and 
negative portions of the waveform shown in Fig. 1, When the wave passes 
through a fluid, gases trapped inside dust motes or other particles in the 
fluid, or on the walls of the region containing the fluid will be drawn out 
from the fluid forming a small bubble, If the aemistic power density is small, 
then the bubble will oscillate around a relatively constant radius, This 
process is known as stable cavitation. If the power density is high, then gas 
diffuses into the bubble during the de-compression half-cycle of the sound 
waves and diffuses out horn the hphble during the compression half cycle. 
The rare of difhision is proportional to f he radius of t&e mibble and therefore 
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the rate of diffusion iota the bubble (which occurs wkea the bubble has 
expanded during the de-oempressiom phase) assceede that of the rate of 
diffusion out of the bubble (ys&ieh occurs when the: bubble has been 
compressed). The net result is that the radius of the bubble increases as the 
bubble oscillates. This process Is known as rectified diffusion. Once the 
bubble's radius reaches a critical value, which depends on the power and 
frequency of the ultrasonic energy It can. uo iouger remstiu stable and the 
pressure caused by the isext compression half^ele will cause the bubble to 
.implode-,, i.e. the fluids in fee vicimty of the bubble oscillate with such an 
amplitude that the bubble breaks into small fractions. 

Iq Medical applications tlie energy released by the implosion of the bubbles 
hi. the rectifies! diilusion process is used to destroy near by eells, ; Various 
methods are known to produce cavitation at the desired location, ibr 
-.e^Kiplet,. US 5,219,401 teaches the use of relatively low power 'ultrasound 
energy to produce -stable captation resulting m a population of babbles at a 
site and then applying a second signal at another frequency and higher 
power to cause the bubbles to iMplods, US 6,413,216 teaches the use of au 
unfocused transducer operating at a lew frequency to create bubbles in a 
treatment area of a patient followed by the /use of a focused ultrasound beam 
at a different frequency aimed at a specific region within the treatment ores, 
in order to cause cavitation and thereby create a lesion at a desired location, 
US 5,827,204 teaches a method reported to produce large vaporous 
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cavitation bubbles m a ma&il confined area. The method comprises 
generating a low tepeasjy signal foa^big ampliirsde less than the cavitation 
threshold to produce a pop^kidoa of bubbles ami superimposing on this 
signal a high fraqtieacy signal. The ampbtude of tke resulting mod ulated 
signal exceeds the cavitation thresKoM at the fecus of the modulated beam . 

Eapld hyperthermia ^esuitlag.m Uwsm -^bhtim. w mo$®m has proven to be 
a Useful therapeutic modality, for example, in destroying cancerous tissue. 
Sunk applications are based on the wee of high intensity ibensed heams, ol 
ultrasonic waves produced by either a single- high power transducer or by 
focusing: the energy from several transducers at the same location. Clinical 
application of bigb-intensity focused ulirasoimd (HI'FU) is foreseen as the 
future n.omInvasive modality of choice, replacing the minimally invasive 
methods (EF ablation or Laser ablation). The ability to focus the oltrasouM 
(OS) energy at the specific location, with minimal absorption by neighboring 
tissue,: by the tissue in between tjbe transducer and that location, or by the 
tissue beyond that location — is the limiting motor of this technology. 

At therapeutic intensities, the byperthermia is often accompanied by bubble 
activity, in vitro and in vivo experiments allhe have shown that under 
certain conditions bubble activity can give rise to a doubling of the heating 
rate (MRI- guided, gas bubble enhanced ultrasoaud heating in in -vivo rabbit 
thigh, Sokfca, SJX, Sgng s E> s Bynynnm M? Pbys. Med. Biol 48, pp.. 228-241, 
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2003), Others hate used captation si^psessi©?! techniques to reduce the 
micro- bubbls: form&&0&, and make: aasarats aMation (Ksntaro -Tm'&ki, 
Tahebi.de Asaao, Kksuo Wata»a&e } . HirosM i%ammoto, Division of Surgery, 
Cidha Cancer Center, Chiba , Japan. & ^Thsrapeutlc IDItrasoxmd," the 
proceedings of the 2** International Symposlurft os Therapeutic Ultrasound 
(ISTU' 2002), Exit more precisely, it was recently reported that a several 
times larger volume of tissue was coagulated y*0h B1WU m a cantos 
prostate with. adnimistration of Albunex. Contrast Agent (OA) than without 
it. Kidneys were exposed to BIFCI at BS MB.Z in, degassed saline, and when 
OA Qptison was administered at a dose of €.3 ml/kg, the temperature 
elevation iadueed by HXFU exposure was. more than doubled. (The effect 
that tissue: ultrasonic absorption will be doubled when eoutrast agept is 
added to the tissue at -0,1 billion auerobu.bbles/kg. was iheonatiealiy 
predicted, 8 tlffiemura, K Kawabata, K Sasaki, "Eabancenisat of 
sonodynaspie tissue damage production hy second-harmonic superposition: 
Theoretical annlysis and its mechanisms* IBBIhTO'FFC, Vol. 43, pp,10e% 
1082, 1996. .It was e^perlnldhtallw verified by B, Clynn Holt , Bonald A, 
Eoy "Measurements of bubble-enhanced heating from focused, 'mhz* 
frequency ultrasound in a isssue^mimieking material", , tlltrasoo:nd in 
Medicine & Biology, Vol. Z% Issne 10, pp. 1399.1412, 2001. 

The fact that the presence of the hubbies wenld have -a positive influence on 
the thermal treatment is somewhat unexpected in view of earlier efforts to 
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separate the e&yitatlom and heating eixBcts, since the microbubfoles 
shadowed the region to be treated and might endanger the patient- (Baikj 
ME, Couret LN, Saposhnihov OA, 10ckhlova ¥&, to?- Haar G, Vaeay S, Shi 
JL Martin B, m& Crura LA, "Use of overpressure to assess the role of 
babbles in focused utasmmd lesion shape in vilm I* -Ultrasound Med Biol 
27 (5), 695-708 (2001))- In OB 5,601,5a©, for example, is described how the 
presence of cavitation can lead to unwanted tissue destruction both inside of 
and ••outside of the focal mm s when, applying focused acoustic power to 
achieve thermal effects. "Oils patent teaches a .method and apparatus for 
applying thermal and cavitation wave's ©ither separately or toge&er so as to 
tednce the interaction between them. 'US 5,573,4$$- teaches a method and 
apparatus for supplying the maximum. thermal energy to a tissue while 
j^^^g'-^'-P^T^^^ cavitation 

Despite the efforts made in the past to separate the thermal from the 
cavitation effects of high, intensity ultrasound on living tissue, the above 
cited reports attest to the difficulty and importance of harnessing the 
energy-concentrating effects of bubbles to do useful clinical work when 
exposed to tdtrasound. The dominant heating mecb.sni.sm depends on bubble 
sige s medium shear viscosity and &equency--dopenden.t acoustic attenuation. 
The bubble she distribution, in torn, depends on Insonation control, 
parameters (acoustic pressure, pulse duration), medium properties (notably 
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dissolved gas eoJxeesxfemMos): and bubble shape itregnlaMties that facilitate 
instabilities. 

Ultrasound techniques ha*s heen applied therapeutically to such varied 
medical conditions as treataisnt of benign ami nmiignant tumors of many 
types, varicose effects, destruction of gall and kidney stones, treatment of 
the: esophagus, and unblocking Mood vessels. 

An illustrative* example of a medical condition that e&n he treated by use of 
ultrasound is varicose veins ami telangiectasia {spider veins). These vpinp 
ere the visible surface manifestation of an underlying syndrom® of yenene 
insufficiency, The valves, wbieh keep the blood moving towards the heart in 
norma! veins, do not ffinetion properly and do not enable the blood to 
propagate* hut to stagnate m the vein. The vein then dilates under the 
influenoe of increased venous pressure, Venous insufficiency syndrosnas 
allow venous blood to esoape from, its normal Sew path and flow in a 
retrograde direction down into an already congested teg. Most patients with 
venous insufficiency have subject^ symptoms that may include pain, 
soreness, 'burning, aching, ffirohbkig, cramping, muscle fatigue, "restless 
legs" and unsightly appearance. Over time, chronic venous insufficiency 
leads to cutaneous and soft: tissue breakdown that can be extremely 
debilitating. 
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Current treatments for varicose vein include: compression stockings, 
sclerotherapy (involves injection -of chemical solution which, causes scar 
tissue that closes the vein}, eiukdmanual radie^aqueucj' <EF) catheter and 
diode laser (uses SB' or laser energy t© coagulate the vein)., phlebsctomy 
(uses small incision to extract vein with phliebecfcomy hook)., stripping (an 
operation perforated umler general anesthesia which, involves the removal of 
the entire saphenous vgm), and ligation (a sntgkal procedure that ties the 
saphenous vein and is optional when most of the valves are healthy). OS 
8,438,08! teaches a .method, of applying focused ultrasonic energy to cause 
localised heating and damage the endothelial tissue of the vein such that 
the scarring of the healing tissue will at least partially block the flow of 
blood through the vain. 

It is a /purpose of the present Invention to provide an apparatus and method 
for providing focused ultrasonic waves having a wavnform at the local point 
that can be modified to cause cavitation with no significant change in 
temperature, only increase, of the temperature with minima! cavitation, 
suppression of cavitation, or a combination of these effoeta. 

It is another purpose of the invention to provide ultrasound, based therapies 
resulting from cavitation onsets with no significant change in temperature, 
only increase of the temperature with mhaljnai cavitation, suppression of 
cavitation, or a combination of these ei&ets. 
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Further purposes and advantages of this mvenfion will appear as the 
description proceeds. 

Summary of the Invention 

In a first aspect the Invention is a method; of using ultrasound waves that 
are Incased at a specific location in a medium to cause localised production, 
of 'bubbles at that location and to control the production, and the 
cavitation al and heating effects thai take place there. According' to the 
method ot the invention, the production and control is accomplished by 
selecting the range of parameters of multiple transducers that are ibcused 
at the locatien in order to produce one of the waveforms chosen from the 
following group; 

- a waveform comprising high negative peaks and small positive peaks, 
the waveform encouraging the creation of a cloud of mlcrobabbles; 

~ a waveform encouraging the production of heat ami the limitation the 
growth and possible implosion of said microbtJ bbles; and 

~ a combined waveform comprising a spatial and/or temporal 
combination of two wavefhons, one wayelbrm comprising high 
negative peaks and small positive peaks and the second waveform 
comprising high positive peaks and only small negative peaks, the 
combined waveform aSowmg control of the sise distribution of the 
microbubbles and temporal changes of this distribution. 
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The waw&rra eneoxuagmg the production of heat can have many shapes 
including: a waveform coniprisiag high positive peaks; and only small 
negative peaks ami a snmsoidal wavefcrffi. The rwawfem comprising high 
positive peaks and only small »:e®^MVe:'^^&s : p^.«hcourag8. the reduction, of 
the of tiie mlerobubfelss. 

Xh a preferred embodiment, the number of transducers used to carry out the 
method of the invention is three. The radius of the .miorobubfoles is typically 
in the range from a feaetion at a micron, up to 100 or more .microns, 
preferably the radius is between approximately 8 microns to o microns. 

According to a preferred embodiment of the method of the invention,: a. 
control system measures the changes in tissue or the size of the bubbles and 
accordingly adjusts the waveform, to include more negative peaks, more; 
positive peaks, or mere squat sized, waves. The method of the invention can 
employ a temperature control system to modify the output of the 
transducers according to the measured temperature. Additionally, an 
ultrasound imaging or non-imaging system can he used to view and monitor 
the region being targeted, to monitor the generation of the .mierobubbles at 
the desired location, and control the system for one or more of the following 
purposes': 

- so that the number of mfcrobufehles will fee as planned; 
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lbs; aiming the foeuged beam to the targeted locatinn: and 

- to re-align the beam to a differs at location . 

The response at the ha3£n&rmomo or at Mguer Imrmonies of the transmitted 
frequencies is used hy the u!rrj*se?mid imaging or nonimaging system to 
measure one or more of the following: 

--- the effect of the heating; 

~ the duration of the effect;, 

- the number of mierobnhhies generated within the targeted regi.orn 
and. 

~ the: spatial distribution of the tuierohuobies generated within the 
targeted region, 

AecordMg to a preferred embodiment of the method of the Mvention, 
rsa.ftMp1.ss transducers are arranged in an array, designed so that their 
mechanical focus and their own fbeus combine at the same point in apace, 
Preferably, the point in space can be moved, bjr either shifting the whole 
array, by repositioning of Individual transducers, or by phase shift of the 
excitation pulse. In the preferred embodiments, the ultrasonic .waves 
transmitted by the different transducers are designed to produce by 
interference specific waveforms at the focal pomt, which are not produced at 
other locations. Preferably the region within the focal zone of all the 
transducers in which the specific waveform .develops at significant 
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intensities, is typically wry small, la preferred embodiments the 
amplitudes of the waveforms are Ip &a -3 BB of ih& ■maximxs.m 
amplitude, at distances thai ais -topically less tnan 1 nun away from the 
point of tli© maximum asapMtp.de in the lateral directions and less than 1,5 
mm. away in the axial dioectkps. The specific wa'sfe&rms can fee modified to 
produce am of the following effects: 

- cause cavitation with ».© significant change m temperature: 
- increase the temperature with mannia! cavitation; 

- suppress cavitation; and 

-■ a comfeiuation of these eSfeets, 

The method of the invention can be used for therapeutic purposes. In these 
cases, the array is typically placed extra-eorporally^ in close proximity to the 
organ to he treated> with infrasound gel or water surrounding the 
ultrasound transducers and the space Between it and the organ. The 
therapy c&n fee chosen from the following group: 
~ occlusion cf varicose veins aud telangiectasia; 

■~ activation of cellular (e»g.- Ondothehal coll) processes In fee 'body,, by 
either localized pressure forces or shear forces that produce 
therapeutic responses or damage; 

- therapy of cancerous tissue hy captation damage and/or rapid 
hyperthermia, resulting in apopiosis, tissue ablation or necrosis; 
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~- therapy of cancerous tissue by d amage and closure of the supply and 
drainage vasculature by cavitation, and/or rapid hyperthermia via 
coagulation of the arteries suppljrfng ihs tumor; 

•- .ablation of ectopic fod or re-entry loops Mtlin the cardiac walk, 
mainly within, the ventricular walla; 

thrombolysis of clot-led or sorm-clotted arteries, e.g. coronary arteries, 

the carotid arteries, cerebral arteries, peripheral arteries etc, 
- lipolysis or other tmihodB of disintegration of fat cells, either by the 

lueehanism of imerobuhbles collapse and/or by hyperthermia. 

resulting in apoptosis and. drainage of fat deposits? 
■~ coagulation of internal bleedings within the body; and 
~ noninvasive surgery of internal tissues and organs* by disintegrauon 

of cells along the cut. 

The Method of the myention. can be used for ocj|ltising varicose veins and 
telangiectasia by .following the steps of: 

a) providing multiple transducers; 

b) focusing fee multiple transducers, at the same location within the 
vein; 

c) selecting the range of parameters of the multiple transducers to 
produce a waveform comprising high negative peaks and small 
positive peaks, the waveform eBcouraging the creation of a cloud of 
microbnbbles; 
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&} eonfemuiag the pr^dut&ion of the wa?eferm utiitil the cavitation causes 
destruction erf cells and tte isMiisa of snaring of the tissue at the 
location; 

e) focusing the transohieers at the vein; 

f) repeating steps (d)> and <e) wMl enough scaring has been initiated 
to cause occlusion of the vein; . 

if necessary, tw additional -steps- are added between steps (d> and (©}; 

g) changing the range of parameters of the multiple transducers to 
produce a heating waveform* the wmdtorm eueonr&gmg the 
production ol heat at the location; and 

Iff continuing the production of tne waveform until t&e heating causes 
destruction of cells and the initiation of scaring of the tissue at the 
location 

The aseihod of fche invention can he used for activation of cellular processes 
In the body to produce therapeutic responses or damage selected from the 
following group: localised drug delivery, gene therapy, and angiogenesis. 

The method of the i&verttion. can -W«S!&d'-f<?t itu-ora&olysis- of clotted or serof- 
clotted arteries in a&ronary arteries, the earotid arteries, cerebral arteries, 
and peripheral ariariea 
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la another aspect, the hivention is a. system for prodmrnig viittammid waves 
and fecnsmg them at a specific loeafkm is a medium to cause localised 
production of bubbles at iha£ location. "Ttm system of the .mv®nti<m. can 
control the prod-action of the ■wavss and the eavitaSaoaal and heating effects 
that take place. The system of tfe& : i&v«fcite mmptiM&; 
••• three or more arbitrary waveform signal generators; 
three or more wide-band power amplifisirs; 

- three or more transducers; a$& : 

- one workstation. 

Ik preferred embodiments of the system of tlnr invention the thre® or more 
traaedueers are arranged as an array, designed so that their mechanical 
focus and their own locus j^mbine at the same point in space, Preferably , 
the point in space ea.» be moved by either sMffemg the whole array, by 
repcslt|r>mnf of iudividua] transducers, or by phase shift of rise exeit&fciop. 
pulse. The ultrasonic waves transmitted by the three or more transducers: of 
the system of the invention are designed to produce by interference specific 
waveforms at tue focal point, which are not produced at other locations, The 
region within the focal sone of all the .transducers in which the specific 
waveform develops at significant intensities and the amplitudes of the 
waveforms are less than - -8 £>B of the maximum amplitude, are typically at 
distances less than '25saa» and preferably less than I mm away from the 
pomt of said raasdmum amplitude in the lateral directions and less than 
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lOffim and preferably less than 1.5 mm away in a^ial directions. In 
preferred embodiments of the sustain .of the invention, the specific 
waveforms can be modified to produce one of tne Mwmg ©fleets?; 

~ cause cavitation with no significant daange in ts^nperatiire; 

~ increase the temperature with s&immal cavitation; 

- suppress Cavitation; -mtd 

- a combination of these effects. 

The system of the invention may further comprising an ultrasonnd imegi»g 
or nonimaging system and a control box. Preferably, the mltrasonnd imaging 
or nen-inaaging system is controlled fey the workstatlosj to which if is 
oonnaeted threngh the control box and can he used to view $^-:w&Mfyfc--1sh§ 
region being targeted, to monitor the generation, of* the miorebwbbles at the 
desired location, and control the system for one or more of the following 
purposes: 

- so that the number of mlcrobnfebles will be as planned; 

~ for aiming the focused beam to the targeted location; and 
-•• to re-align the beam to a different location 

In. preferred embodiments of the system of the invention the response at the 
half harmonic or at higher harmonies of it>e transnritted frequencies is used 
by the ixlti?asow.adi.ma^ag;;sr n&n4m&$pg.w&&i& : i^33ae&sure one or more of 
the following: 
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- the el%ct of the fo&&img; 

- the duration of the effect; 

- the number of mIcrobub]&tes generated within the targeted region; 
and 

the spatial distribution of the miembubbles generated within the 
targeted region. 

in. a preferred embodiment of the Invention, •&e;-«Iteasowis4 imaging or non- 
imaging system measures® the changes in tissue or the hubbies size and the 
control Box and workstation aecntdingly adjust the waveform to mclude 
more negative peaks, positive peaks, or equal sised waves, 

The syatem of fee invention may further oonvpnse a temperature 
measurement system.- flae temperature mmm&em&nb system may comprise 
one or more thermocouples and: is psefeahly used to modify the output of 
the transducers according to the measured temperature. 

The system of the invention may he adapted fur use m therapeutic 
procedures; wherein the array is? placed extra-eorporaIfy ; m close proximity 
to the organ to be treated, with ultrasound gel or water 'surrounding the 
ultrasound; transducers and the space hatweenft and the organ- The system 
of the invention may be adapted for use in any of the fhsrapeutic procedures 
in the following group; 
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- occlusion of varicose veins anfl MasigfecfesMa; 

- activation of cellular <ag, endothelial col) processes In the body, by 
either localised pressure forces or shear forces that produce 
thempentie responses or damage; 

~ therapy of cancerous tissue by eavitutioja damage and/or rapid 
hyperthermia, resulting in apoptosis? tissue ablatknx or necrosis; 

~ therapy of cancerous tissue by damage and. closure of the supply and 
drama go vasculature by cavitation ., anh/or rapid hyperthermia vi a 
coagulation of the arteries supplying the tumor; 

- ablation of ectopic fad. or re-entry loops within the cardiac waliSs 
mainly witbiin the ventricular walls; 

- thrombolysis of clotted or semi-dotted arteries, e.g. , coronary arteries, 
the carotid arteries, cerebral arteries, peripheral arteries etc, 

- lipol-pds' or other methods of disintegration, of fat calk, either by the 
mechanism of mlcrobubbles collapse and/or by hj^pertherxoia, 
resulting in apoptosis and draMage of fat deposits; 

- coagulation, of internal bleedings within the body ; ami 

- noninvasive surgery of internal tissues and organs, by disintegration 
of cells along the eui 

All the above and other elwacterisfice and advantages of the invention will 
be further understood through the following Illustrative and son-limitative 
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description of preferred ©.mhodinmats tfeereoii with reference to the 
appended drawings. 

- Fig. 1 sBows an ultrasound sigaathavinga siuusoidal waveform; 

- Fig, 2 .schematically &htm& the control and driving system for carrying 
out the invention; 

Fig- BA and Fig- SB show an. embodiment of aa array of transducers that 
la editable for use in the invention; 

- Fig, 4 is a flowchart showing the sequence '®P> example 
of a typical data processing scheme used to m&mum and display the 
existence* uum.foer s sisse, Ihestion and spatial distribution of imaKohiibbles 
generated during implementation of the method of the ii3.WB.tiou; 

•» Fig. $ shows a. waveform connuising high amplitude negative peaks and 
small amplitude positive peahs; 

Fig. 8 shows a waveform comprising: high amplitude positive peaks and 
only small amplitude negative peaks; 

Fig. 7 to Fig. 11 are graphs showing the results of a series of experiments 
that were carried out to measure the effect of applying cavitation and 
heating waveforms at different power levels and the effect of the 
duration of .applying the heating waveforni on the temperature; 
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Figs. ISA to 121) show the results of a representative example of the 
mtgZisnm of operafeus that axe outlined in the 'Sow-chart .i « Fig. 4 as 
displayed on a screen; 

- Fig. IB is a bar chart depicting the teumerature values after different 
durations of 'production of cavitation and heating m excised liver tissue; 
Fig. 14 shows localised damage in biological material produced by using 
the 'method of the invention to produce cavitation effects only; and 

- Figs, ISA to 1SD show an embodiment of a trausdneer array comprising 
annular transducers, 

Betaile^0esc^i^fe|^n of Preferr ed B^foodim ents 

The invention relates to a system for creating nftrasoxmd waves and causing 
'ih&M' Witf&yfel: through a. liquid '.and to methods for controlling the waveform, 
of the lutrasouad to cause localised production of bubbles m the lisnnd and 
for control of the resultant. cavltatk«ml and. heating effects.. The invention is 
particularly suited to ih& use of ultrasound for the localised production, of 
.bubbles for therapeutic purposes. The therapy is based on cavitation effects 
accompanied by minimal heating and/or by bubble induced heating of the 
location at which the bubbles are produced. 

The invention Is based on the recognition that the creation and growth rates 
of the bubbles formed in a AhM by nltrasonie waves %aveling through it is 
dependent to a large extent on the waveform of the s&m Instead of the 
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sinusoidal wa^sfcynj that is normally used f& vmtm rectified diffusion, die 
invention selects. the r&hge of parameters including feequBBcy, phase, and 
amplitudes of multiple transducers to produ.ee two hasie waveforms m the 
region of interest. The feat wavefprm comprises high uegativs peaks and 
small positive paaks, which encourages the creation of a. cloud of 
nhcrobubMes. The second waveform is a waveform which produces heat, 
such a waveform can have several forma e.g. a sinusoidal «yav© form or a 
wayefersa that comprises high positive peaks and only small negative peaks. 
The second waveform preferably includes the range of control parameters 
that assures that the ultrasound* energy is more absorbed than scattered by 
toe micTObubbJes by keeping them small (e.g. smaller than approximate] j B- 
5 microns hi radius). 

•% produce the waveforms o£ the invention, at least three independent high- 
po#ex focused ultrasound transduoets are used, housed within a structure 
that produces a common focus. Baeh transducer m powered by its own 
amplifier, which is driven by a signal generator, usually tuned to a different 
frequency. An optional part of the invention is that the method and system 
may also include a control system that measures the changes in tissue or 
the sum of the bubbles and accordingly adjusts the waveform to include 
more negative peaks, positive peaks or euu&l sped waves. 
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One; embodiment of the «mb*al and driving system for paxryi'tig out the 
invention is shown schematically m f%» 2. In this embodiment, the coxit^ol 
and driving system SOS mcl«4es,.^aeee.:-aEbi^ca3?y ^^alarmi signal generators 
203 connected to three wide-band power amplifiers 204 and through 
impedance matching to the three transdnBers At least one workstation. 
208, tor example a persons! compute* 00, controls the tinging of activation 
and amplito.de of each arbitrary wsveferm signal generator 202 by means of 
different protocols and separate cables for each signal generator. The 
workstation 208 may also control a temperature meaaureinent system 210 
that snaasnras m& records temperatures, for example with thermocouples 
and may msdi§ tk therapy according to. the: 'mmpV^^- : t®i£^&p3&$®> 
Additionally m ^iiemat£v0ly> an ultoaaoxmd imaging or apia-imaging system 
212 may be need to ufam -mxd- monitor the region being trssted {targeted) to 
monitor 'the generation of. the nnerobnMnes at the desired location and. 
control the .system m that the number of nherobnhblea will fee as planned 
and/or may be used for aiming fee focused beam fco the targeted region 
and/or to re-align the beam, to a different location. The cavitation effects can 
be detected by many different ieeiuuques that are known to skilled persons. 
For example: us& of a single transducer operating at 1/2, 1/8, 1/4, etc, of the 
frequency of one of the transducers hi the array as a detector; use of a single 
transducer operating at i.o, 3.0, 8.5, ate. hapnonic; use of a "white noise" 
detector; use of a pair of iap^&ismrs. w^^-'^ttettibusly -as a transmitter- 
receiver pair; or use of a single transducer, that both transmits and receives 
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the reflected signal The ultrasound imaging system %X% may be used 
additionally or ahernaiively to monitor the -treatmerifc/iiirjHg: increased 
temper stares t^^m&Myrm&nm^m''^- ^S^-^^'-'NftM^ the duration of 
the effect, the member and the spatial distribution of the xnierobubbles 
generated within the treated region by usMg the te&p&xtm at the second 
"harmonic or half harmonic of the transmitted frequencies. The ultrasound 
system monitoring system 2X2 may ha controlled by the workstation to 
■which it is connected through control bos 214:. 

Control and driving system 200 is comprised of standard components that 
are well knows* to persons familiar with the use of ultrasound for diagnostic 
or therapeutic purposes, T^t&l but uon-iimifcati^e examples of 
oonimermatly available components that are suitable fox: use in Control and 
driving system &0 are: arbitrary waveform signal generator 202 ~ Tabor 
Eleotronios Ltd., model 8025; wide-band lOkHs-lOOMHz power amplifier 
f0|: ™ Acoustic Research,, model loOAlOOB; te&nsducsjr 206 - Imasonic^ 
model no. T3085AI0X, T2$86A102.; workstation 208 - HF» 

Compaq PC; temperature- measurement system 210 - Omega 
thermocouples, model no, Taei50'CFS8-IS0-8MF-MUK270o02 ; National 
Instrumeots Temperature measurement board model no, .'NX-435I, 
Temperature I/O box mode! no. TO-S1B0, and National Lahview software; 
ultrasound imaging system 212 - OE Healthcare model 'VIVID III; and 
control box 214 ~ HP-Compaq FO tnnnrag National Instruments Latadew 
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softwares, National iHstmments I/O box, model and National 
Instruments DAQ boats! model no, P&4*fM?M> 



The power transducers 206 are -p^m^&4. ss aa array, designed so that their 
mechanical focus and their own focus Combine at the same point in spaas. 
This point in space ca» be mowed by either shifting the whole array, by 
repositioning of individual transduce^ or by phase- shift of the excitation 
poise. The ultrasonic waves transmitted by the different transducers are 
designed to produce by interference speci6e wawfeas: at the fee®! point, 
wnieh are not produced at .other .locations, Thpm &p®fMw waveforms can be 
modified to .cause cavitation with no significant change in temperature, 
increase of temperature with mmimal cavitation, suppression of cavitation.,: 
or a. conihinatiou of these effects. The region ia wMcli the specific ^avef of ms 
deyelop at significant i^eeasitk^, ie. within the iocel sone of all 
transducers, is wsualiy ^ety small, where tSe ajsplitodee of -3 BB and less 
of the -maadamm, arc typically- less *ha:u 1 mm away from the point of 
maximum in the lateral directions and, less than 1,5 aim away in the axial 
directions. 

An embodiment of an array of transducers :$0O that uses cylindrical power 
transducers suitable for.- «se -m ■ &e.ia^e»&on is shown in Fig, 8 A and Fig. 
SB. Another embodiment usmg anhnlar transducers is described with 
reference to Fig- ISA to 1SD hereinheiow. fig. 3A ia a photograph showing 
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the array 300 from the top. S00 is »K>«»tM lit a €$lmdrm®.llf shaped 

holds* 300 made of plexiglass ot oliiet suitable ^terisjL .iwtixe .©mbodimeot 
shown, holder 306 comprises a eeM^ai Bors coaxial with the symmetry 
axis of hoidar 308 and six otter bores $0% mw**W$ symmetrically armajd 
bors S04 and inclined at an angle with fhs symmetry axis. Array of 
transducers 300 can thereby eomprise u# to six cylindrical power 
transducers 200 which are inserted mto boras S02 such, that all are 
physically aimed at the same ideal point. The focal jpoirit of the array of 
ultrasound transducers 300 depends, upon other footers cm the medium 
through, which the ultrasoxmd waws wEI be transmitted. A typieal focal 
distance in water inr array 300 is six cm from the bottom face of transducer 
bolder 800. TJbis fbeal distance is equivalent to fire cm in gel and font cm m 
limt ■ t£sim$,. :c«»teae' : We- can be aeed for an imaging probe eonaeeted 
:to an imaging system 2X2 or for inserting tberrnoeeupies that axe 
components of iexbperatwo measurement system .310. Fig, 8® schematically 
shows the .arrangement of the bores 302- and 304 on the planar bottom face 
of holder 806. 

The holder 306 is designed such that array 300 can be placed extra- 
corporally, in close proximity to the organ, to be treated, with, ultrasound gel 
or water stuoxmndimj the ultrasoimd feansdueers and the space between it 
and the organ. 
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As mentioned hereinabove, ultrascmnd system 200 may b$ m$tim imaging or 
non-i&mging md in the pra&*£$&-.m&iG&imm$ of the intention is used to 
measure the mxsaber of microbubhI.es, their location in space, out! their 
spatial population distribution. These measuremoixto can he made during 
any phase of the process* for example when bubbles are generated during 
the cavitation phase, during a heating -phase, or a plsaee when it m desired 
to reduce or enlarge the sbse and/or number of .microbtibb1.es. Fig. 4 is a 0ow - 
chart showing tbe ssqiieil.ee of operations m an example of. a typical data 
processing scheme used to measure end display tbe existence, number, &i®e> 
location and spatial distribution: of niicrobubbios generated duripg 
implementation of the tKetsbod of the invention. The steps listed in the Sow 
chart of £%<; 4 are conventional ones lor processing tdtrasound signalss 
which are plainly executed automatically using equipment and. software 
fasnihar to skilled persons who will require no further explanation of the 
data processing scheme- The measurements made using the scheme 
outlined in Fig. 4, or any equivalent scheme known to skilled persons,, may 
he used to modify tbe operation of the system so as to increase, reduce, or 
shift the number of microbubbies, or their sises. The modification can be 
made either manually or automatically using software provided with the 
workstation .308, ultrasound system monitoring system 2X2> and/or control 
box 314. 
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The goals of. the inventing are aelheysd by selecting the range of 
parameters, including fre^piiey* and amplitude. 6f each one of the 

multiple -transducers to produce the desired waveform in the region of 
interest, 'Using the method of the: urvBstjon, foubhles having a size ranging 
from a fraction of a micron up to 100 or more microhs with the presently 
preferred range tor the therapies distmssed hereinfelow 'being between 
approximately 8 and 5 microns. Similarly the size of. the ihcai area can be 
varied 'between, spots that are typically less than 25mm radius, and 
preferably less than 1 mm, radius is, the lateral directions aiad less than 
ISaai, smd preferably less than 1J long in the axial directions. The 
ability to achieve such a small focal :sobo length in the axial direction by 
using the method and apparatus of the invention provides a significant 
improvement m the ability to provide localised treatment ter various 
eondiiions over the prior art me-tixods to which the focal zone length 
typically ranges between 10x»m and 20mm. The minimum of the 
treat ment area is on the order of the minimum slee of the focal ar ea and,: by 
means of electrbaliy or mechanically scanning the combined beams and/or 
the -array of transducers, the maximum sise of the treatment area is 
unlimited,. 

Fig. 5 shows a waveform onjnprising high negative peaks and small positive 
peaks. This: type of wavefernn by increasing the ratio of the amplitudes of 
the de-compression part of the anou.s?tie wnve to the oompressiori, part. 
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encourages the creation of a cloud of asicrofeisbfefes. lis Fig. 5, the horisonfcal 
axis rspresauts tiiaa measured m'Ms^e"a«4'tii« 'V%^oal-.S3d.s the amplitude of 
the signal at the focus measured in. vote, The signal shown in Fig, S was 
generated, using the system shown in Fig.2- ami tke army shown m Fig. SA 
comprisijig three transducers,; 'by a hydrophone that converts accurately the; 
acoustic pressure at that point to volts-- The control ami driving system 
operated at the frequencies* phases,, and amplitudes shown in Table 1 in 
order to produce the waveform shown, in Fig. d. 
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Fig. 8 shows a waveform comprising positive peaks and only small negative 
peaks, This type of waveform, by decreasing the ratio of amplitudes of the 
da-compression part of the acoustic wave to the compression part, tends to 
keep fee mietohubbios small therahy assuring that the -ultrasound energy is 
more absorbed than scattered and producing heat, in Fig. Ci the horizontal 
axis represents time measured m nsec and the vortical soda the amplitude of 
the signal at the focus measured in Ydlts. Thp signal shown in Fig. 6 was 
generated? using the sysfc&m-steam m. t&a-"SS^iay shown in Fig. 8 A 

comprising three transducers, by a hydrophone that concerts accurately the 
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acoustic pressure at that point Id folig. The control and d&vhxg system 
operated at th& frequeacies, phases, and &mpBimdm shown in Table 2 in 
order to produce the waveform sBtpwa in Fig- 6, 





i Output V<di;ig« 
of Signal. 
| S«swsratg* 


| of F«w«<r 


J Gain setSa»s 


; of | Phase of the \ 

: !- { 


| alM&T" 


| 35Gmv 


( 290v 


i 


; o* j 




| 2G0mv 


I60v 


! 90% 


f CH> ] 

.1 „ „ j 




j 8Q0aav 


] 70v 

i 


j 100%"" 


| 270" | 



fig; 7 to Fig. 11 are graphs showing the results of a series of experiMenis 
that were earned out to measure 1 the effect of - .applying cavitation and; 
beating: wayeforms at different power levels and the effect of the duraiiouof 
applying the heating to&vqfic&m .cm.- ifckfc- ti$iiiper&ture- The experim«mts were 
earned: out in an artificial gel phautosE, wMeh was preparoi usiiag a beaker 
llled wifh O.SL of ethylene Gitalin distilled water at a ratio of 1.3:1 by 
volume, and beaded, to T$P€> SSgan of gelatin powder was then :added slowly 
while the solution w&a constantly stirred.. When the solution was gelled it 
was csntrimged to exclude bubbles, and then i?0ml of formaldehyde were 
added. The mixture was poured bite a glass ooBtalner. This gel does not 
liquidise even at !20°C. The experiments were carried out ushxg the system 
described "hereinabove- to generate the ultrasound waveforms. For the sake 
of simplicity, during the bearing stage only tbe amplitudes of the waveform 
generators were modified, and not i&efr phase. This caused the acoustic 



wo 2(sm/c?4Ms vewnmmiwmiM 

- 30 - 

pressure waveiorai to re^aabla-a .skm wave, sip^i^4o-;tlca.t,»how^ m Fig. 1, 
and not the wawfem depictsd m &< The parameters -used during the 
beating period (ha all of i&e experiments shown in Fig, 7 to Fig. IX) are 
shown in Table & 
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Fig, 7 through Fag. M show temperature m degrees centigrade (vertical 
aids) vs. Mm® in seconds {uomontat asi£$ measured ytiHx ■thermocouples 
placed at t&e focal region for three different power levels used, during the 
cavitation period, During the first; stage, the cavitation, period, the 
experiments were performed at three different power levels, the parameters 
of which are shown m Table 4. 'During the second stage, the Keating period, 
the power level and parameters' (as given ha TaMe 8) were always kept the 
same. 
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lis Wig* 7 the waveform shown in Fig. 5 was generated for 30 see followed by 
the besting waveform for sn additional SO sac. Irs. Fig. 8 the waveform 
sbowB in Fig, 5 was :g eosrated for 80 see followed by the heating waveform 
for tm additional 60 see. The lines shown in Figs. 7 and 8 are the mean of 5 
sxpenmeptss l*mes 702 and SOB are the results at the highest power level* 
-704 and 804 at the tutor raedmte power level, and 708 and 806 at the lowest 
power level used dming the cavitation, period. In. all eases, essentially no 
heat was generated during the 30 see cavitation period when the waveform 
of Fig. 5 was applied. During the period that- the heating wavefbrffi was 
applied the temperature rose as expected with a sharp drop off in 
temperature as soon as the generation of the olitasormd signals ceased, Hie 
number of babbles generated at the fbena Inereassa as the power level is 
increased during the cavitation phase* This effect is seen in the graphs, 
which, show an increase, of the maMmwn temperature caused by the 



wo 2(sm/c?4Ms vewnmmiwmiM 

- S2 - 

increase power 'luring the cavitation phase despite the fact that diamg the 
beating period fee transmitted e:aergy smamsAs. same. 

The effects of different diiraMms •<>£ ®tm .fc^i&sg -are displayed in Figs. 

9, 10, mid. II for the low, medium, and power levels respectively. From these 
graphs it can be seen. that, the logger duration of heating causes some 
ad ditional rise of temperature. 

When the waveform of Fig.5 was not generated in experiments similar to 
fee ahoye and the waveform of either Fig. 8 or Fig. I was fonused in the 
medium for a period of 60 see, the maximal mean temper at«rs reached was 
S6.88 &. 

Images displayed on a screen of a representative example of the results of 
the sequence of operations that are outlined in the flow -chart in Fig. 4 are 
shown in Figs. I2A to t$B. The images are prodneed by attainment of the 
raw data, as- produced by the ultrasound transducer that acquires the 
echoes from the gel, and off -line processing by the control hex 2X4 of the raw 
data as described by flow chart of Fig< 4. results, shown in these figures 
are of njeawremeats made rising the medium power level and the specially 
designed gel phantom described that does not melt at high temperatures. 
The gel was prepared with, degassed water ami spun in a centrifuge to 
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reduce to a minimum the number dissolved gases and 4% existence a* 
mierobubbles. 

The Image in 'Fig, ISA was aoqairad after 2 see of operation of the .ea.vit-ati.o5i 
period (wavefbr m of Fig, 5) &n.d no bubbles axe noticed (the straight lines are 
artifacts of the B,F line acquisition). MIcreferibMes are formed after 1© see of 
operation, of the cavitation, period as ess. fee seen in. the image in Fig, 12B, 
Fig, 12C shows tire result alter SO see of operation of the cavitation period, 
Tb& number of bubbles hm increased without tra.aslation toward;!? the 
transducers, as is commonly observed. The imago m Fig, X&D was acquired 
after an additional SO sec of heating when the number of miembubbles was 
reduced. 

The same experiment as above was repeated in vitro using fresh liver as the 
pkantom> The liver was kept in saii&e solution at- room temperature (22 C% 
and the array of transducers xvas airoad. at a specific point vsx the tissue. 
Several experiments were performed in which the system was operated for 
the following durations: 

- 80 sec cavitation, followed by SO see heating 
-~ 80 sec cavitation MloW^M , ^9-^e.^a*i'sg : 

— 60 sec cavitation followed fey SO see boating 

— 80 see cavitation followed '.by tsO see heating 

— 60 sec ca vitation only 
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- 80 sec of bo cavitation followed by 60 see of bo beating 

The bar chart in Fig* IS depicts the temperature values ( fe C) on. the vertical 
axis after the different durations <?£ prodiictloa of cavitation and heating 
listed above. In Fig, 13. the wbie fears represent cavitation only (waveform 
of Fig. 5), the black bar represents boating only (waveform of Fig. 8), and 
the gray bars cavitation followed by beating. The white bar on the deft 
represents ambient temperature. 

Investigation of the excised liver tissue after the prodttction of cavitation 
Slowed by boating clearly showed a small area that went through 
ieaaturatien in. a out in the middle of the treated region. 

The results of an expsfimsnt designed, to show the feasibility of 
producing localised damage in biological material by using the method of 
the in vention to produce cavitation effete only is shown in. Fig. 14, In the 
figure is shown: a cross-section of a small area of an artery after the 
waveform of Fig, 5 was focused in this area. The light area in the upper 
left is the hollow center of the artery through which the blood flows, The 
lower right is the edge of the arterial wall. The endothelial layer is 
totally absent as a result of the procedure. Areas of considerable damage 
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can also be seen M the ionic* meiis Isjes/wb^r© fcfee org&rased smooth 
muscle fibers are -destroyed In multiple legations. 



The aisove experiments,, as- weM as mmj others allow the following 
conclusions to be drawn abo^t the in^exitiOB:: 

Ckraeration of localised, damage by cavitation Daly c&xx be produced by the 

method and system of the invantionv 

The localized generation of cavitation can also be used for producing 
efficient hyperthermia, for ablation or coagulation of tissue. The two- 
stags process is more effective than either cavitation? or heating alone: 
and includes a ;8rst step of babble creation b$- cavitation followed by a 
second step of thermal heating, 

- The apparatus and method of the invention enable visualisation of the 
location of the production of bubbles and allow a decision, to be made 
whetlior to contiriue with, the -treatment, to discontinue it, or to change 
its: iadation, 

- A gradual temperature increase iu temperature occurs at the focal point, 
while several millimeters away no temperature chaeges are .observed. 
Tins result was revealed when iMrme^rples were used to measure the 
temperature, thereby verifying the procedure. 

Changes in the power l&ml during cavitation af&ei the temperature 
increase and the huhMes production, hut have little effect on fee 
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duration of the treatment; i.e. ineree,s|ug i^e: power level leads to 

kicreass4 bubble production and increased temperature. 
* A limitation to th& of to Mgh power levels is that if too mmiy bubbles 

are produced they are dilfbult to control and damage might be caused 

outside of the mtesded treatment vohime* 
- The results show that a change m heating time affects not only the 

temperature increase but also the deration of the treatment. But it does 

.not affect the production, of bubbles during the beating stage; be, the 

heating region, can be contained within the region marked during .fch© 

cavitation period. 

Another embodiment of a transducer &»ay that can be used to carry opt 
tfe mefeod of the invention is shown in Figs, 15A to WB. Fig, ISA .is a 
side view and Fig, MB a perspective view showing the features of the 
outside o£ cylindrical holder 008 of array 000. Shown in these figures are 
three connecters 9X0 for the power cables to the three transducers and 
three connectors 012 for tbermoooupiesi. TM thermocouples in array '000 
are placed on the rear sides of each of the transducers to monitor their 
performance during the dovek'pxneut stage of the array. They are not 
necessary features of a commercial array. Also shown oh the top of 
holder 008 is ah inlet 914 and ah' outlets MM f which are provided to pass 
air over the backs of the transducers and reninva heat from the inside of 
holder 90S. 
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As opposed to the : array SOO shown in Figs, BA ami SB, which comprises 
cylindrical transducers 20% the array 900 Is enmprfeed of three annular 
transducers 902, 904, and 90S, feee trausdneers are arranged stick 
that their front faces kn-nx a spherical shaped active area 918, which 
focuses the energy from all of the transducers at the same point .below 
the bottom of the holder. The common focal point (fin Fig. SO} is located 
on the vertical symmetry of holder 908 and as the center of curvature of 
spherical active area 918. 

Fig, W€ Is a cross-sectional view shewing, the arrangement of the three 
transducers, lanes a, fo, and c are respectively the bottom edge® of 
i?ms$w®m &0&> 904 , and 006. The bottom of k-ansducer 903 and the 
inner side surfaces of transducers 904 and 908 define the spherical 
active surf see 918. Line o also represents fee bottom edge of holder 908 
a.ad therefore the "skhi plane", when the array is placed on a patient's 
body during a therapeutic procedure. The distance from the skin plane to 
the focus £ is designated by the letter <L Fig- 15D is a view from the 
bottom of the array shewing f fee location of transdneers 902, 004, and 
906 on the active surface 918, 

An illustrative, but nor limitative* example of the dimensmna of an array 
900 designed for therapeutic treatment of veins is: height and diameter 
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of holder SOS are 8§mm aad 88mm respectively; radius of emrvntere of 
the splmrieal active surface %l$ is 45mm; and distance d is 27mm, The 
&aquencks of fee transducers m fee mray are SbDKHZ, 700IOJZ, and 
lOoOKHZ. It is to be noted thai the ratio of these Iremseneies is 1:2-3, 
This is different from the. ratio 1:2:4 of array 80O ? which was described 
hereinabove said used in the show described pxp&j&m&x&s, This 
illustrates that fee hrvontion is not Ixtaite^ to .jaft^artic^Iay feequendes 
or for that matter to using three tnmsdueer& The main consideration in 
choosing the number, ffequenoies, and other parameters of fee 
transducers and other c^mpownfcs- of the system is the waveform of the 
signal that is to be produced by fee array in order to achieve the 
intended: results. 

The invention can fee used for a variety of non-invasive (or minim ally 
invasive) procedures designed to provide localised treatment or damage to 
cells and tissue. The treatment provided is based on the mechanism of 
production of mierobnhhles and cavitation effects, on fee mechanism of 
hyperthermia based on the existence of fee mierohnhfeles, or on a 
combination of both mechanisms. The procedures are opera tionai o.ndsr 
guidance and control of rdtrasound imaging (or other imaging modality), 
and can also be operated without such guidance and control, by using preset 
parameters. The procedures are of short duration. A typical two -stage 
procedure comprises a cavitation stage: taking e<g, IfibSOsee followed by a 
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heating stage taMag e.g. BG-QBs&z, ThB procedure must fas repeated when 
larger regions need to fee treated. 



A eonlimitatlve list of medical pmeed3M^si&at :can. fee carried: out using the 
method, and apparatus of the invention is: 

~ Occlusion of varicose veins. The procedure is based on using ultrasound 
waves, generated according to the method of the invention, to initiate 
soaring and closure of the varicose vein, invention allows a nou- 
mvasiys procedure for office-based physicians and esua. be used for 'both 
diagnostic and therapeutic procedures- The method is not limited by vein 
structure or -width. Therapy and image monitoring can be performed 
simultaneously and using the -same probe and therefore additional 
expensive acceasori.es are not required. 



The preferred embodiment of the varicose vein treatment procedure 
makes use of cavitation damage only and thereby limits the discomfort 
and scarring that often results from laser treatment or treatment based 
on high intensity focused ultrasound (HIFU}. In situations in which 
cavitation damage alone will not produce the desired results, the two- 
stage procedure described hereinabove is employed in which, after a 
short period of bubble formation and e&vrt&fcioa, the waveform is changed 
to produce rapid hyperthermia. A third alternative is to use the heating 
waveform, alone, without the preliminary stage of bubble formation, to 
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caus© hyperfehs^mia. IMawM c£ti^.M¥e&iio»-&&s. advantages 
oves* th& prior art. The most important of whisk is tfee efficiency wife 
which the bubble do«4 abse^piaon of the heat. This allows the 

use of lower intensity beams and shorter exposure times than, in 
conventions! BIFU treatments. E.<pa% important is the ability to limit 
the treated region to a very small volume located within the vein thereby 
limiting the damage to 33.ea.rby tissues and organs. This latter advantage 
follows from the facts that in the method of the present Ixiveation the 
ultrasound energy is highly focused, the specific waveform- causing the 
cavitation is limited to a speeifie volume within the focused region, and 
the formation of bubbles ho.® higher likelihood to take place- ui liquid 
than hi tissue. For example^ i» the above mentions d US 6,436,081, no 
hobble cloud is present. This is believed to make control of iha 
application of the focueed ultrasound difficult since the blood, m wMeh 
the beam is focused. Is a much poorer absorber then the stirrottnding 
tissue. The present invention is based an an. entirely different 
mechanism for treatment of varicose veins than HIFH lo WIXWV 
absorption of ultrasound energy: fey tisane or blood constituents is 
required. According to the preferred embodiment of the present 
invention, the treatment is based on a mechanism of bubble formation 
produced only by local pressure changes-. 
-• Activation, of cellular (e.g^ endothelial cell) processes in the body, by 
either localised pressure forces or shear forces that produce therapeutic 
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responses or damage, W<&--mm&ptet, localised drug delivery gene therapy 
and axigiogenesis, 

- Therapy of eaxxcerotte tissue by cavitation damage and/or rapid 
hyperthermia, resulting in agoptogis f: tissue ablation or necrosis, 

~ Therapy of cancerous tissue by damage ami closure of the supply and 
drainage vasculature by cavitation, arid/or .sapid hyperthermia via 
coagulation of the arteries supplying the tumor. 

~ Ablation of ectopic foci or re-entry loops within the cardiac : walls,: mainly 
whhip : %@ ventricular walls. 

- Thrombolysis of clotted or eemhclotted ar^ries, e.g. coronary arteries, 
the eaxotid artexies, cersbral arteties, peripheral arteries efe 

- LipoJysis or other methods of .disintegration of fat cells, either by the 
mecl:mxn;sm of mierobubblcs collapse and/or by hyperthermia, rasnlfeg; 
in apoptosi^ and drainage of fat deposits. 

- Coagulation of internal bleedings within the body 

- Non-invasive surgery of interna! tissues and organs, by disintegration of 
cells along the cut, with possible visualisation and. control via the 
generated, mierobhbbles. 

Although the invention has been presented in relation to the medical 
procedures that can be performed using it, skilled persons will readily 
understand: that the method and system of the invention can easily and 



WO vcmLiwMtmiw 

• 42 - 

advantageously he adapted mii&x&s mutamim to ipisssrsss applications in 
industry emd commerce, e.g. for ultrasonic cleaning, 



It also is to be noted tkat in certain, s|tna£i»n:s : wherein a sufficient 
population of miembubbles cannot be generated in situ, contrast . agents can. 
be introduced into the foes! so.no to increase the efficiency of the adsorption 
of energy .from the heating waveform. 

Although embodiments of the invention In&ye been described by way of 
illustration, it will bo understood that tbe invention may foe carried out with 
many variations, modifications, and adaptations, without departing 1 from ifcs 
spirit: or exceeding the scope of the claims. 
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1, A method, of using ulteasom>4 waves &ewaed at a specie locafcioc m a 
medium to cause localfesd produMiou huhblas at said location, to 
control said, production, and to ePntrol the cavitatio^l and heating; 
ejects that take place si said location; whxnPkp said production and 
control is. accomplished fey selecting the range at parameters of multiple 
transducers focused at said location in order to produce one of the 
waveforms chosen from the following group: 

- a waveibrm comprising high negative peaks and small positive peaks, 
said waveform, encouraging the creation of a cloud of miorobul>bles; 

- a waveform encom^ging the production of heat and the limitation the 
growth and possible implosion, of said microbuhbles; and 

- a combined waveform compris.iag a spatial and/or: temporal 
combination of two waveforms » one waveform comprising high 
negative peaks and small positive peaks and the second waveform 
comprising high positive peaks and only small negative peaks, said 
combined waveform, allowing control of the sfoe disirifmtioo. of the 
microbuhbles and temporal changes of this distribution, 

2. A -method according to claim 1, wherein the waveform encouraging the 
production of heat is chosen from the group comprisin g; 

- a waveform comprising Mgh positive peaks and only small negative 
peaks: and 
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■■■■ a sismsoidal faMflrm, 

8. A method according to claim 1, -w&»rel& ihe>w$^orj£ comprising high 
positive peaks and only small negative peaks encourages the redaction of 
the sisse of said microbubbles, 

4, A method according to claim %, herein the number of transducers is 
three. 

6. A .method aeoordktg to claim % whereimthe radips of the mteobubMes-jg 
ih the tangs from a fraction of a micron up to 100 ox .more microns, 
preferably between approximately 3 microns to 15 microns, 

'6, A method according to claim h whereia a control -system measures the 
ebanges in tissue or the hubbies sise and accordingly adjusts the 
waveform, to melude more negative peaks, more positive peaks, or mors 
equal si:sed waves, 

7, A method according to claim t, wherein. a. temperature control system is 
used to modify the ontput of the tr&asdueers according to the measured 
temperature. 
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8, A method according to claim % wherein m nteasOnmi imaging or tion- 
imaging system Is used to view -a^'.ss^&twlte region &eing targeted, to 
monitor the generation of the mierdhahfoles at the desired location, and 
control the system fax 6fcS-ofc ; x»oar«& 'j^^4.fdll(^£a'g : ^E^^e^ 
-~ so that the number of nherobubhlss will be as planned; 
for aiming the focused beam to the targeted kscatioa; and 

- to re -align the beam to a different location. 

9> A method according to claim 8, wherein the response at the half 
harmonic or at higher harmonies of the transmitted frequencies is used 
by the ultrasound imaging or nonimaging system to measure one or 
more of the Ibilowing: 
•- the e£ieefc of the heating; 

- the duration of said ei&et; 

the nutaher of snlerobubbles generated within the targeted region; 
and 

~ the spatial distribution of said mterobuhbles generated within said 
targeted region. 

10, A method according to claim I, wherein the multiple transducers are 
arranged as an array, designed so that their mechanical focus and their 
own focus combine at the same folntln apace. 
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3.1, A me&od according to claim 10, wherein the point m space can be 
mov«sd b# either shifting the wohle array, % repositioning of iodividual 
transducers, or by pkaso shift of the- excitation jmlss. 



12. A method, according to claim 10, wherein the ultrasonic waves 
tr&rasmitted fey the different transducers are designed to produce by 
interference specific waveforms at the toad point, which are n&i, 
.produced at other locations. 

18, A method according- to claim 1SS, wherein I: he specific ^avelbrms can be 
•j^d|fie^'Mpyodt3.ce.«>Be of she lohowmg effects; 
~~ eause cavitation with .no significant change in temperature; 

- increase the temperature with miMmal cavitation; 

- suppress: cavitation; and. 

- a combination of these effects . 



14 A method omotdmg to claim 12, wherein the region witM» the focal xone 
of all the transducers m which the specific waveform develops at 
significant intensities and the ampEtudes of the waveforms are less than 
-3 DB of the maximum amplitude, are typmaBy at distances less than 
25mm and preferably less than 1 mm. away from, the point of said 
siadamo amplitnde in the lateral directions and less than 10mm and 
preferably less than X.5 : mm -amy : &x S^-:m^-4&mMP^- 
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15. A method according to claim. % wherein fee localised production of 
bubbles at the location, aad centre! of the eavitational mxk beating effects 
that take placs? at said location are for ther&peniie purposes. 

16. A .method according to claim 1, wherein the array Is placed extra- 
eorporally, m close proximity- to the organ to lb© treated, with ultrasotmd- 
gel or water snrronn&mg the ultrasound transducers and the space 
between it and the organ, 

17. A method aecordii>g to dUdm W, whemm the therapy is chosen Irom the 
following group:; 

~ occ;lti$ioa of varicose veins and telangiectasia; 

~ activation of cellular {e.g. endothelial cell) processes in. the body, by 
cither localized pressure forces or shear .forces that produce, 
therapeutic responses or damage; 

- therapy of cancerous tissue by cavitation damage and/or -rapid, 
hyperthermia, resulting in apoptosis, tissue ablation or necrosis; 

- therapy of cancerous tissue by damage and closure of the supply and 
drainage vasculature by cavitation, and/or rapid hyperthermia via 
coagulation of the arteries suppiyiug the tenor; 

- ablation of ectopic foci or re-entry loops within the cardiac walls, 
mainly within the ^utricular walls; 
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- thrombosis of clotted or ^^mi-clotpd arteries, e.g. coronary arteries,, 
the carotid arteries, cerebral arteries,, peripheral arteries etc. 

- lipolysis or otbor .jp#^q<|$ :^'4$skT^m^a.%m. of fat cells, either by. the 
m®ek.@msm. of micTobabbles exdlapse and/or by hyp0rth&tmia t . 
restating m apoptosis and drainage of fat deposits; 

- ceaguIatioB of itrterBal bleedings within the body; and 
~ non-inva«ive surgery of internal, tissties mid organs, by disintegratiOK 
of cells along the cait«. 

10, A: method of ooclusing varicose veins and telangiectasia according to 
claim. comorieing the steps q£ 

a) premdiag multiple transducers- 

b) foensiug smd multiple transducers at the same leeaisesl wiMn said 
vain; 

c) selecting the range of p&mm&tets of said multiple transducers to 
produce a waveform eomprieiag high negative peaks and small 
positive peaks, said waveform encoitragiog the creation of a cloud of 
microtubules; 

d) eontio.uing the production of the waveforro. vaiUl the cavitation causes 
dsstmotion of cells m& the initiation of scaring of the tissue at said 
loeaiaojx;. 

e) foensiug said transducers at p^$l^t-lw'»^<m.^tM : a.s.aid. vein; 
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I) repeating steps (c}> (d)» and {&) until enough searing has been initiated 
to G&xxm occlusion of said vein, 

19. A method according to <&wm 18, wherein two additional steps are added 
between steps (d> and said steps comprising: 

g) changing the range of parameters of the- multiple transducers to 
produce a heating waveforms, said waveform encouraging the 
prodnetion of heat at the location; and 

h) continuing the production of tha waveform until the heating causes 
destruction of cells and the initiation of searing of the tissue at said 
location. 

20. A method acGOt#»g to claim 17* whemn activation of cellular processes 
in the body prodnom therapeutic responses or damage selected from the 
following group: localised drug delivery, gene therapy, and angiDgenesis. 

21. A method according to claim 17, wherein tl>.romL>o]ysis of clotted or seinh 
clotted arteries is performed in arteries chosen from the group 
comprising; coronary arterles } the carotid arteries, eeirehral artedes, and 
peripheral arteries. 

22. A system for carrying out the method of claim 1, said sysfcexn comprising: 
- three or more arbitrary waynforru signal generators; 
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- three or mom wads-band power amplifiers; 

- three or mom transducers; m& 

- one workstation, 

23. A system according bo claim 22, whnrern the three or more transducers 
are arranged as an array, designed so tliat theix mechanical focus and 
their own focus combine at the same point in space. 

24. A. system according to claim 23> whersm the point 1b. spaee can be moved 
by either shifting the whole array, by repositioning of individual 
transducers, or fey phase slhf t of the excitation putse> 

25. A system according to claim 23, wherein the nltrasonie waves 
transmitted by the three or more transducers are designed to proslnqe fey 
interference specific waveforms at . the focal point, which, ere not 
produced at other locations. 

26. A system according to claim 2% wherein the specific waveforms can fee 
modified to produce one of the following effects:. 

• - cause cavitation with no significant change in temperature; 

~ increase the temperature with minimal cavitation; 

- suppress cavitation; and 

- a combination of these effects. 
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27, A s^ia according -to: ehnm 2f>, wherem: the region mtbia- the- focal zone 
of all the traBgducects m wMch the specific ftrete develops at 
significant intensities ami the amplitudes of the waveforms are less than 
~~S l)B of the maximum amputate, are topically at distances less than 
25mm and preferably less than 1 .mm away Sxom the point of said 
maximum amplitude m the lateral directions wxd less than 10mm and 
pr&fambly less than 1,5 mm away m the axial directions.. 

38. A system according to claim 22, 'farther comprising an ult^a^msid 
imaging or nondmaging system, and a. control box. 

S50, A system according to eMni 28 wberein the ultrasoimd Imaging or mm- 
imaging system k used to yiew and monitor the region feeing targeted, to 
nionitor the feneration of the microtubules at the desired location, and 
control the syetem for one or mere of the following purposes: 
-• so that the number of iaicrobehbles will be as planned; 

- for aiming the focused feeam to the targeted location: and 

- to re - align the beam to a different location. 

30, A system according to claim wherein the response at the half 
harmonic or at higher harmonies of the transmitted trequeneiee is used 
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by the ultrasound imaging o* :»^ts»agi»^ &fwt&m to measure ease 
more of the following: 

— the effect of the heating; 

- the duration of saM effect; 

•-- the xmmhf** of nhorobnbbles generated witMxi fee targeted region; 
and 

~~ the spatial distribution of said microhubbles generated within said 
targeted region, 

$£, A system, 'according to claim 2B y wherein the ultrasound imaging or non~ 
Maging system is controlled by the workstation to which, it is congested 
through the control hex, 

$2. A system according to claim SS» wherein the ultrasound Imaging or bc&> 
imaging system measles the changes in tissue or the bubbles sise and 
the control: box and workstation accordingly adjust the waveform to 
Include more negative peaks, positive peaks or equal sized waves, 

88, A system, according to claim 22, further comprising a temperature 
measurement system. 

84, A system according to claim S3, wherein the temperature measurement 
system, comprises one or more feermoconpies, 
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85. A system according to ^fd^f'^^^Mr^Ji.^ 

system Is used to modify the ouipntof the transducers according to the 
measured temperature. 

38. A system according to claim 22* adapted for use i» therapeutic 
procedures?; wherein the array is placed axtra-eorporaliy, in close 
proximity to the organ to be treated, with xafeasonnd gel or water 
surrounding the ultrasound transducers and the space between it and 
the organ, 

37. A system according to claim 36, wherein the therapeutic procedure is 
chosen irom the folkmang -grotip: 
••- occlusion of varicose veins and telangiectasia; 

■- activation of cellular <e;g. endotneBal ceil) processes in the body, by 

either localised pressure forces or shear forces that produce 

therapeutic responses or damage; 
- therapy of canceixms tissue hy cavitation damage and/or rapid 

hyperthermia, resulting .ax^^gtosts-,. ^s^afclaMon or necrosis; 
- therapy of cancerous tissue hy damage and closure of fee supply and 

drainage vasculature hy captation, and/or rapid hyperthermia via 

coagulation of the arteries supplying the tumor; 
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- ahlatiOB, of ectopic foci or re~enfe?y .loops': witfem the cardiac: walls, 
mainly within the ventrien^r wans; 

~ thrombolysis of clotted ox semi-etetteS arteries, ,§ v gv coronary arteries, 
the carotid arteries, cerebral arteries, peripheral arteries etc, 

- Hpolysis or other .methods of disintegration of fat cells, either hy the 
mechanism ox mfcrobnbhles collapse and/or by hyperthermia, 
resulting in apontosis and drainage of fat deposits; 

- coagulation of internal bleedings within the body; and 

~ non-invasive strrgery of internal tissues and organs, fcy disintegr&fclori 
of cells along the ent. 
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